Garlic passion fruit (Passiflora tenuifila Killip): assessment of eventual acute toxicity, anxiolytic, sedative, and anticonvulsant effects using in vivo assays. by HOLANDA, D. K. R. et al.
Contents lists available at ScienceDirect
Food Research International
journal homepage: www.elsevier.com/locate/foodres
Garlic passion fruit (Passiﬂora tenuiﬁla Killip): Assessment of eventual acute
toxicity, anxiolytic, sedative, and anticonvulsant eﬀects using in vivo assays
Dayse Karine Rodrigues Holandaa, Nédio Jair Wurlitzerb,⁎, Ana Paula Dionisiob,
Adriana Rolim Camposc, Renato Azevedo Moreirac, Paulo Henrique Machado de Sousaa,
Edy Sousa de Britob, Paulo Riceli Vasconcelos Ribeirob, Mayara Frade Iunesa, Ana Maria Costad
a Federal University of Ceará, Department of Food Engineering, 60356-000 Fortaleza, Ceará, Brazil
b Embrapa Agroindústria Tropical, Dra Sara Mesquita, 2270, 60511-110 Fortaleza, Ceará, Brazil
cUniversity of Fortaleza, Fortaleza, Ceará, Brazil
d Embrapa Cerrados, Brasília, Distrito Federal, Brazil
A R T I C L E I N F O
Keywords:
Functional food
In vivo assay
Acute toxicity
Behavioral test
Phenolic compound
A B S T R A C T
Several Passiﬂora species are known for their sedative and anxiolytic properties. However, the functional
properties of Passiﬂora tenuiﬁla Killip are still unexplored. The objective of this work was to evaluate the phenolic
composition and acute toxicity, anxiolytic, sedative, and anticonvulsant eﬀects using in vivo assays. The whole
fruit (peel, pulp, and seed) was lyophilized and used for all assays. LC-MS showed 19 phenolic compounds,
tentatively identiﬁed as ﬂavonoids and phenolic acids. Acute treatment with single doses of up to 2000 mg kg−1
in Wistar rats showed no signs of mortality or toxicity over 14 days. The assay of functional eﬀects was per-
formed with Swiss mice, four groups, received by gavage, doses of P. tenuiﬁla (200 or 400 mg kg−1 body weight),
water, and diazepam (as negative and positive control), and behavior tests were performed after 60 min of the
treatments. The animals treated with P. tenuiﬁla fruit showed a signiﬁcant decrease in locomotor activity, in-
dicating a sedative and anxiolytic activity. No signiﬁcant changes were observed in the rotarod apparatus,
suggesting that the P. tenuiﬁla fruit did not cause muscle relaxation. The 400 mg kg−1 dose of P. tenuiﬁla exerted
a protective eﬀect against pentylenetetrazole-induced seizures, decreasing the severity and not causing the death
of the animals. In conclusion, P. tenuiﬁla showed no acute toxicity and had a promising eﬀect as an anxiolytic
agent, hypnotic-sedative and anticonvulsant, which could be related to its composition of ﬂavonoids and phe-
nolic acids.
1. Introduction
Numerous phytotherapeutic molecules are recognized as active in
the Central Nervous System (CNS) can alter cerebral functions, and thus
produce transient changes of mood, behavior, and perception changes
(Pimenta, 2014). Animal models have been widely used for over
50 years and are particularly useful in the discovery of drugs for the
treatment of several types of mental disorders such as anxiety and de-
pression (Buccafusco, 2009). Given this, natural product alternatives
are sought for the treatment of these CNS-related diseases.
The genus Passiﬂora is rich in species used to treat nervous pro-
blems. In particular, pharmacological studies on Passiﬂora incarnata,
Passiﬂora alata, and Passiﬂora edulis have veriﬁed their sedative and
calming eﬀects. These eﬀects are usually associated with the ser-
otonergic pathway and antispasmodic action via β-adrenergic receptors
(Dhawan, Dhawan, & Sharma, 2004). The Passiﬂora bioactives include
ﬂavonoids, bioactive amines, phenolic acids, and alkaloids, which are
commonly associated with neuropharmacological and anti-in-
ﬂammatory activities (Costa and Tupinambá, 2005; Bomtempo, 2011;
Vetore-Neto, 2015).
There are more than 150 species of passion fruit originating in
Brazil, and more than 60 of these produce fruits that can be harvested
and used directly or indirectly as food (Braga, Batista, Junqueira,
Junqueira, Vaz, Santos, & Santos, 2005). Several species of passion fruit
have components such as alkaloids, ﬂavonoids, anthocyanins, phenolic
compounds, and compounds with antioxidant activity and other bene-
ﬁcial eﬀects on health, which were reviewed by Zeraik, Pereira, Zuin,
and Yariwake (2010). Passion fruit species have beneﬁcial eﬀects on the
CNS, including control of anxiety, stress, the prevention of tremors due
to age, and Parkinsońs disease symptoms (Holanda et al., 2019; Costa
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and Tupinambá, 2005; Dhawan et al., 2004).
Among passion fruit species, many have anxiolytic activity. Gazola
et al. (2015) evaluated a Passiﬂora quadrangularis pericarp extract and
quantiﬁed apigenin as the major ﬂavonoid, with a concentration of
2.449 mg g−1. This extract presented sedative eﬀects, and the authors
suggest caused by an enhancement of the GABAergic system. Silva and
Costa (2017) evaluated the use of dried Passiﬂora incarnata L to control
anxiety in healthy individuals, being eﬀective and related to the vitexin
composition of the extract. Balisteiro, Araujo, Giacaglia, and Genovese
(2017) quantiﬁed by HPLC the ﬂavonoids homoorientin and isovitexin
(7.76 and 2.31 mg 100 mL juice−1, respectively) in P. tenuiﬁla clariﬁed
juice. In another work, Gomes et al. (2017), evaluated by HPLC the
ﬂavonoids amount in P. tenuiﬁla leaves hydroethanolic extracts, among
other species, and obtained concentrations lower than the limit of
quantiﬁcation (< 2.83 mg L−1) for the ﬂavonoids orientin, isoorientin,
rutin, and vitexin. Passiﬂora-herbal medicines with anxiolytic and an-
tidepressant activities prepared with P. edulis (leaves and pericarp)
presents vitexin as a major ﬂavonoid and de Oliveira et al. (2019),
described that the production of an extract with leaves inoculation with
funghi incremented the vitexin concentration in 63% and ﬂavonoids
content in relation to the control.
In relation to the convulsant activity, El-Askary et al. (2017), eval-
uated the activity of a Passiﬂora cerulea leaves extract and identiﬁed C-
glycosyl ﬂavones and hydroxycinnamic acid derivatives as the re-
sponsible principles for the biological activity.
Passiﬂora tenuiﬁla Killip, also known as garlic passion fruit, is a wild
species, with few scientiﬁc studies on its functional properties.
Therefore, the main objective of the present study was to characterize
Passiﬂora tenuiﬁla Killip, using UPLC-QTOF-MSE, and evaluate its in vivo
toxicity and functional eﬀects using in vivo behavioral models of an-
xiety, depression, hypnotic-sedation, and seizure.
2. Material and methods
2.1. Preparation of Passiﬂora tenuiﬁla (garlic passion fruit)
The fruits of garlic passion fruit (Passiﬂora tenuiﬁla Killip) were
harvested in the city of Paraipaba (Ceará, Brazil) and selected according
to appearance and size, maturation stage 4 and 5 as classiﬁed by Lima,
Chagas, Oliveira, Costa, Celestino, Cohen, Terán-Ortiz, Malaquias, and
Faria (2010). The fruits were cleaned, sanitized, and the whole fruit
(peel, pulp, and seed) were shredded in a domestic blender (Mondial
model L-51) with water (1:1.5, w/w). The crushed mass was frozen at
−18 °C and lyophilized (Liobras model Liotop 510 equipment), at a
pressure lower than 3000 μmHg (vacuum) and below the critical point
of water (0.01 °C and 0.06 kPa or 4600 μmHg). Freeze-drying was
carried out by heating on the shelves, starting at−20 °C, and reaching
30 °C after 30 h. The freeze-dried garlic passion fruit was packed in
double layer nylon-polyethylene packages under vacuum and stored at
room temperature (27 °C) until chemical analyses or use in the biolo-
gical assays.
2.2. Evaluation of chemical composition by LC-MS
The micro-extraction and dereplication procedure established by
Luz et al. (2018) was used. Brieﬂy, the analysis was performed using an
Acquity UPLC-QTOF-MSE (Xevo™, Waters®, Milford, MA, USA) system
with an electrospray ionization (ESI) source. A Waters Acquity UPLC
BEH column (150 × 2.1 mm, 1.7 µm) was used and kept at 40 °C. The
extract was prepared by suspending 50 mg of garlic passion fruit in
hexane (4 mL) and homogenized in an ultrasound bath (20 min), 70%
ethanol (4 mL) was then added and the mixture was homogenized, and
centrifuged (3000 rpm, 10 min). The ethanol-water phase (1 mL) was
collected and ﬁltered (0.22 µm PTFE). The injection volume was 5 μL. A
gradient mobile phase, with a ﬂow rate 0.4 mL min−1, water with 0.1%
formic acid (A) and acetonitrile with 0.1% formic acid (B), with a
gradient: (0–15) min, 2–95% B; (15.1–17) min, 100% B; (17.1–19.1)
min, 2% B. The MS conditions were as follow: negative ionization
mode; acquisition range: 110–1180 Da; source temperature: 120 °C;
desolvation gas temperature: 350 °C; desolvation gas ﬂow: 500 L h−1;
extract cone voltage: 0.5 V; capillary voltage was 2.6 kV; acquisition
mode by MSE. Leucine enkephalin was used as lock mass. The equip-
ment was controlled by Masslynx 4.1 (Waters® Corporation) software.
The compounds were putatively identiﬁed based on their exact mass
and comparison with published data. In this study, the term putative
was employed for compound annotation since the MS and/or MS/MS
data are not enough for an unequivocal identiﬁcation (Sumner et al.,
2007, Holanda et al., 2019).
2.3. Evaluation of acute in vivo toxicity
The doses of garlic passion fruit used and the number of animals per
dose (n = 3, Wistar rats, females) were determined according to the
OECD Guide 423/2001 (OECD, 2001). The experimental procedures
were registered with and authorized by the Ethics Committee on An-
imal Use (CEUA) of the University of Fortaleza (UNIFOR) under pro-
tocol number 011/2015. The initial single dose selected for the study
was 300 mg kg−1 body weight, suspended in distilled water. Observing
the absence of mortality during the ﬁrst 24 h of exposure, doses of 1000
and 2000 mg kg−1 of body weight were tested. The animals were fasted
for 10 h before oral administration of the treatments, with free access
only to water; feed was only allowed 3 h after administration. The body
weight of each animal was measured on the day of sample adminis-
tration, and on the seventh and the fourteenth day. During the ex-
perimental period, the animals were examined daily for clinical
symptoms including posture, seizures/ tremors, consistency, and ap-
pearance of feces, eyelid closure, piloerection, skin and hair appear-
ance, stress, salivation, eyes, and behavior. The lethal dose is calculated
by the dose (mg kg−1 body weight) that causes the death of 50% of the
tested animals.
2.4. Evaluation of the eﬀect of garlic passion fruit on the behavior of mice
Swiss mice were divided into four groups (n = 6) and treated orally
(gavage) with diﬀerent doses of P. tenuiﬁla (200 and 400 mg kg−1
suspended in distilled water). The vehicle (water) was used as a nega-
tive control, and diazepam (2 mg kg−1) or ﬂuoxetine (5 mg kg−1) were
used as positive controls. Diazepam induces sedation and muscle re-
laxant eﬀects; therefore was used as a positive control for anxiolytic-
like eﬀects, while ﬂuoxetine, an antidepressant drug, was used as a
positive control for antidepressant tests. After 60 min of the treatment,
the animals were subjected to the behavioral tests described above.
2.4.1. Evaluation of the eﬀect of P. Tenuiﬁla intake on locomotor activity
Open ﬁeld and rotarod tests were used to evaluate locomotor ac-
tivity. The open ﬁeld test used an apparatus made of acrylic
(30 × 30 × 15 cm) to evaluate the exploratory activity of the animals
(Walsh & Cummins, 1976): their spontaneous movement (number of
crosses of the ﬁeld divisions with four legs), and the number of self-
grooming and rearing activities over a period of 5 min were recorded.
For the rotarod test, the apparatus consisted of a 2.5 cm diameter
cylinder, subdivided into ﬁve compartments with 25 cm diameter discs,
adjusted to rotate at a 20-rpm constant speed. On the day before the
test, were selected the mice able to remain in the device for 1 min. One
hour after the animals received the doses of the treatments, and the test
was performed, being evaluated the eﬀect of each treatment on the
animaĺs ability to remain in the moving device, with a maximum time
of one minute (Lalonde, Hayzoun, Selimi, Mariani, & Strazielle, 2003).
2.4.2. Evaluation of anxiolytic activity
The plus maze and hole board tests were used to evaluate anxiolytic
activity. The plus maze test was performed with a high cross maze-type
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apparatus consisting of two opposing open arms (30 × 5 × 25 cm) and
two opposing closed arms (30 × 5 × 25 cm), in the shape of a Greek
cross. The open and closed arms were connected by a central platform
(5 × 5 cm). The platform and the side walls of the closed arms were
made of clear acrylic with a black acrylic ﬂoor. The apparatus was
maintained at an elevation of 45 cm. The animals were placed in the
center of the device with the head facing the closed arms, and their
behavior was observed for 5 min. The frequency of entry and the time
spent in the open and closed arms were recorded (Lister, 1987).
In the hole board test, the mice were individually placed in the
center of a square wooden plate (40 × 40× 10 cm) with 16 equidistant
holes, 2 cm in diameter. The number of times that the mice put their
muzzles into the holes of the plate (head dips) over 5 min was recorded
(Takeda, Tsuji, & Matsumiya, 1998).
2.4.3. Evaluation of antidepressant activity
The antidepressant activity in the mice was evaluated by the forced
swim test. After the treatments, the mice were individually placed in a
glass cylinder (40 cm height and 25 cm diameter), with a water height
of 15 cm for 6 min, with the total immobility time in the last 4 min
recorded. The animal was considered immobile when it made only
minimal movements to keep its head out of the water (Porsolt, Bertin, &
Jalfre, 1977). Fluoxetine (5 mg kg−1) was used as a positive control.
2.4.4. Evaluation of sedative / hypnotic activity
The sedative / hypnotic activity in the mice was evaluated by the
Ethyl ether-induced sleep time test. The mice were individually placed
in a closed glass chamber (30 × 20 cm, height × diameter), saturated
with ethyl ether by wetted cotton (1.5 g) with 5 mL of ethyl ether
placed in the chamber 5 min before the test. Sleep was determined by
the loss of the animal’s postural reﬂex. After 60 s of loss of this reﬂex,
the animal was removed from the chamber and placed in a dorsal de-
cubitus position. The end of sleep was determined by the recovery of
normal posture. The latency and duration of ethyl ether-induced hyp-
nosis were recorded (Duarte, Duzzioni, Mendes, Pizzolatti, & Lima,
2007).
2.4.5. Evaluation of anticonvulsant activity
After the treatments, all groups were individually treated with
pentylenetetrazole (PTZ) (85 mg kg−1 body weight via intraperitoneal
injection). During the observation period (30 min), the following
parameters were recorded: time of the ﬁrst clonic or tonic-clonic type
convulsion (seizure latency) and the time spent between the ﬁrst con-
vulsion and death (death latency) (Karler, Murphy, Calder, & Turkanis,
1989).
2.5. Ethical aspects of animal research
The experimental procedures were registered and authorized by the
Ethics Committee on Animal Use (CEUA) of the University of Fortaleza
(UNIFOR) under protocol number 011/2015.
2.6. Statistical analyses
The results are expressed as mean ± standard error of the mean
(SEM). For parametric data, Student's T-test was used to establish sta-
tistical diﬀerences between treatments and analysis of variance
(ANOVA), followed by Tukeýs test was used for multiple comparisons.
Non-parametric data were analyzed using the Mann-Whitney test for
two treatments, and Kruskal-Wallis, followed by Dunn's test was used
for multiple comparisons. A signiﬁcance level of 5% was considered
statistically signiﬁcant. The data was analyzed using GraphPad Prism,
version 6.01.
3. Results and discussion
3.1. Chemical composition by LC-MS
The compounds in the lyophilized Passiﬂora tenuiﬁla whole fruit
(pulp, peel, and seeds) were identiﬁed based on their molecular mass
and data published in the literature (Sumner et al., 2007). Retention
time, mass spectra, their fragments, molecular formula, and comparison
with literature data resulted in 20 tentatively identiﬁed compounds.
The chemical proﬁle of polyphenols of dehydrated P. tenuiﬁla fruit was
characterized by Holanda et al. (2019).
The major compounds were phenolic acids and ﬂavonoids. The
compounds were 4-hydroxybenzoic acid, 3,4-dihydroxyphenylacetic
acid (vanillic acid), dihydroxybenzoic acid hexoside pentoside, ferulic
acid, apigenin-C-deoxyhexoside-O-(dideoxy)hexoside, orientin-6″-O-
deoxyhexose (luteolin-8-C-glucoside-6″-O-deoxyhexose), luteolin-C-
deoxyhexoside-2″-O-hexoside, luteolin-6-C-glucoside (isoorientin),
apigenin-6-C-glucoside-8-C-arabinoside (schaftoside), isovitexin-2″-O-
deoxyhexoside (apigenin-6-C-glucoside-2″-O-deoxyhexoside), apigenin-
C-deoxyhexoside-O-hexoside, apigenin-8-C-deoxyhexoside-7-O-gluco-
side, luteolin 8-C-[6′′-O-glucoside]-dideoxyhexoside, crysin-6,8-C-di-
hexoside, apigenin-O-deoxyhexoside-O-glucoside, crisyn-6-C-hexoside,
apigenin-8-C-deoxyhexoside, luteolin-6-C-quinovoside/fucoside, lu-
teolin-8-C-6″deoxy-3″-hexoside-2″-O-rhamnoside, isovitexin-6″-O-
deoxyhexoside (apigenin-6″-C-glucoside-6-O-deoxyhexoside).
3.2. Evaluation of acute toxicity of garlic passion fruit
In the acute toxicity tests, the ingestion of garlic passion fruit did
not cause the death of any of the animals, and it was not possible to
establish an LD50. In addition, doses up to 2000 mg kg−1 body weight
did not cause nutritional changes related to weight maintenance during
the 14-day evaluation, as presented in Table 1. Body weight has an
essential eﬀect on metabolism since a decrease in body weight can af-
fect vital functions (Gomes, 2017). According to Sellier, Davidtchouda,
Bal, and François (2012), the two most intuitive and visible indicators
in the toxicity assessments are morbidity and mortality, and these were
not observed after garlic passion fruit intake.
Moreover, no changes were observed in clinical parameters, in-
cluding posture, seizures / tremors, consistency, and appearance of
feces, eyelid closure, piloerection, skin and hair appearance, stress,
salivation, eyes, and animal behavior. Thus, it was veriﬁed that there
were no signs of toxicity due to garlic passion fruit under the conditions
evaluated, which provides evidence for the in vivo pharmacological
tests, allowing the selection of safe doses in vivo tests.
3.3. Evaluation of the functional eﬀect of garlic passion fruit with mice
behavioral tests
3.3.1. Eﬀect on locomotor activity
The eﬀect of P. tenuiﬁla intake on the locomotor activity of mice was
evaluated using the open ﬁeld and rotarod behavior tests.
Table 1
Body weight of the Wistar rats before (day 0) and after 7 and 14 days of the
garlic passion fruit ingestion by gavage (single dose).
Dose (mg kg−1
bw)
Body weight (g)
Day 0 Day 7 Day 14
300 185.70 ± 18.23a 188.00 ± 19.52 a 186.70 ± 17.01 a
1000 180.30 ± 12.06 a 179.70 ± 9.50 a 181.30 ± 4.72 a
2000 191.00 ± 10.00 a 194.70 ± 9.50 a 192.30 ± 13.05 a
Values expressed in grams (mean ± S.D., n = 3). Diﬀerent letters following
the means, in lines, indicate signiﬁcant diﬀerence (p < 0.05) by Anova and
Tukeýs test.
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The results from the open ﬁeld test are presented in Fig. 1. There
was no signiﬁcant diﬀerence in the crossing parameter between the 200
and 400 mg kg−1 garlic passion fruit treatment groups (51.83 ± 9.25
and 47.33 ± 3.42 number of crossing ﬁelds, respectively), but both
diﬀered from the vehicle (85.00 ± 4.23) and diazepam
(102.70 ± 4.29) treatment groups. There was a signiﬁcant diﬀerence
in rearing behavior for the 200 and 400 mg kg−1 garlic passion fruit
(6.50 ± 1.61 and 4.50 ± 1.43, respectively) and diazepam
(7.50 ± 2.57) treatment groups compared to the vehicle
(15.83 ± 1.97) treatment group. There were no signiﬁcant diﬀerences
in the grooming parameter, which refers to the number of self-cleaning
movements, between the treatment groups with mean values of
3.83 ± 0.98, 2.67 ± 1.12, 4.00 ± 0.93 and 2.00 ± 0.86 for the
vehicle, diazepam, 200 and 400 mg kg−1 garlic passion fruit treatment
groups, respectively. These results showed a decrease in the locomotor
activity of mice treated with garlic passion fruit, indicating it has se-
dative activity.
A similar result was found by Figueiredo (2013) when studying the
sedative and anxiolytic properties of Passiﬂora edulis. The author ob-
served that 30-days of daily albedo ﬂour + ﬂavedo (130 mg kg−1)
intake caused a decrease in locomotor activity in an open ﬁeld appa-
ratus. Lutomski, Malek, and Rybacka (1975) veriﬁed the tranquilizing
eﬀect of P. edulis juice, ﬁnding a signiﬁcant decrease in the spontaneous
movement of the animals, which was attributed to the presence of small
amounts of harmane alkaloids and ﬂavonoids.
The open ﬁeld test is widely used as a measure of locomotor activity
and animal anxiety (Steimer, 2011). According to Lamprea, Cardenas,
Setem, and Morato (2008), this model is based on the aversion of rats to
open spaces and thigmotaxis (the animal's tendency to walk close to the
walls). Anxiolytic treatments do not increase ﬁeld exploration but de-
crease induced stress in the behavior of exploration and thigmotaxis
(Prut and Belzung, 2003; Vilela, Soncini, & Paiva, 2009). Another
function of this test is to evaluate the exploratory activity of the animals
through the following parameters: number of total crossings, number of
raised head and immobility duration indicating an alteration in spon-
taneous motor activity; and the number of fecal cakes, indicating an
alteration in the animal's emotionality (Han et al., 2009).
Residence time in the rotarod test was over 60 s for all treatments,
including the positive control treatment, diazepam. Therefore, no
conclusions can be drawn about motor coordination. According to
Lopes, Riet-Correa, Medeiros, Dantas, and Medeiros (2014), the rotarod
test is used to assess motor coordination and balance. Often classical
sedative-anxiolytic drugs produce a muscle relaxant eﬀect (Farkas,
Berzsenyi, Kárpáti, Kocsis, & Tarnawa, 2005). Therefore, treatment
with passion fruit garlic did not result in an alteration of motor co-
ordination in the mice during the observation time in the rotarod ap-
paratus.
Similar results were found by Figueiredo et al. (2016) studying the
eﬀects of ingestion of ﬂour prepared with an albedo of P. edulis who
observed that there was no change in the performance of the animals in
the rotarod apparatus, indicating that P. edulis ﬂour did not cause
muscle relaxation in animals.
3.3.2. Evaluation of the anxiolytic activity of garlic passion fruit
The anxiolytic activity of P. tenuiﬁla intake on mice was evaluated
by the plus maze and hole board behavior tests. The hole board test
indicates that head dipping behavior is sensitive to changes in the an-
imal's emotional state and suggests that an anxiolytic state may be re-
ﬂected by an increase in head dipping behavior (Barua et al., 2009;
Takeda et al., 1998).
The results of the plus maze test are presented in Fig. 2, and the
animals treated with garlic passion fruit (200 and 400 mg kg−1) had a
lower entry frequency into the closed arms (7.17 ± 1.17 and
6.83 ± 1.38, respectively), than the vehicle and diazepam groups
(12.00 ± 0.93 and 14.00 ± 2.46, respectively). The residence time of
the mice in the open and closed arms did not vary signiﬁcantly between
the groups.
According to Martinez, Garcia, and Morato (2005), the plus maze is
a validated behavioral test that models anxiety in rats and other ro-
dents. A signiﬁcant increase in the number of entries into the open arm,
without changing the number of entries into the closed arms and de-
creasing the length of stay in the closed arms, indicates an anxiolytic
eﬀect (Bueno, 2005).
Thus, oral administration of garlic passion fruit at the doses eval-
uated did not demonstrate an anxiolytic activity in the plus maze test,
since it did not decrease the time spent in the closed arms and did not
increase the frequency of entries into the open arms. However, it is
worth noteworthy that P. tenuiﬁla treatments were associated with a
lower entry frequency into the closed arms than the vehicle or dia-
zepam treatments, suggesting a tendency for an anxiolytic eﬀect by the
garlic passion fruit.
Li et al. (2011), studying ethanol extracts of P. edulis leaves, found a
signiﬁcant increase in entries into the open arms and a decrease in the
number of closed arms entries, suggesting a sedative eﬀect. Figueiredo
et al. (2016), analyzing albedo ﬂour from P. edulis, did not observe a
statistical diﬀerence in the number of entries into the open and closed
arms or the time spent in closed arms. However, the animals treated
with albedo ﬂour + ﬂavedo had more time spent on the open arms of
the apparatus.
In the hole board test the garlic passion fruit (200 and 400 mg kg−1)
and diazepam (positive control) treatments signiﬁcantly increased the
average number of head dips, 21.83 ± 1.89, 26.33 ± 3.40,
20.50 ± 2.59 for the P. tenuiﬁla treatments (200 mg kg−1,
400 mg kg−1) and positive control, respectively, compared to the ve-
hicle treatment (11.50 ± 0.56) (see Fig. 3). This provides evidence
that garlic passion fruit at doses of 200 and 400 mg kg−1 of body
weight had an anxiolytic eﬀect.
The hole board test was also used to verify the anxiolytic potential
Fig. 1. The eﬀect of garlic passion fruit (P. tenuiﬁla Killip) ingestion on locomotor activity in an open-ﬁeld test. Test was performed 60 min after ingestion by gavage;
Results are mean ± SEM; n = 6 mice per group. Diﬀerent letters indicate signiﬁcant diﬀerence (p < 0.05) between treatments, by Anova and Tukeýs test.
Diazepam (2 mg kg−1) was used as a positive control for locomotor activity.
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of garlic passion fruit, through the exploratory behavior of the mice.
This model indicates that head dipping behavior is sensitive to changes
in the animal's emotional state and suggests that an anxiolytic state may
be reﬂected by an increase in head dipping behavior (Barua et al., 2009;
Takeda et al., 1998).
Passion fruit species contain ﬂavonoids, and studies by several au-
thors suggest that these may be partially responsible for the anxiolytic
and / or sedative activity of many species of the genus Passiﬂora (Coleta
et al., 2006, Sena, Zucolotto, Reginatto, Schenkel, & Lima, 2009,
Zucolotto et al., 2012).
3.3.3. Evaluation of antidepressant activity in a forced swim test
The immobility time in the forced swimming indicated that the
animals in the positive control treatment (ﬂuoxetine: 57.67 ± 22.41 s)
had less immobility time than the vehicle (173.80 ± 18.22 s) and 200
and 400 mg kg−1 garlic passion fruit (169.30 ± 6.39 and
176.00 ± 6.61 s, respectively) groups. However, as there were no
signiﬁcant changes in immobility time for the 200 and 400 mg kg−1
garlic passion fruit treatment groups compared to the vehicle group,
garlic passion fruit did not show an antidepressive activity in the tested
conditions. In contrast, Wang et al. (2013), analyzing diﬀerent extracts
of P. edulis leaves and stems, found that two fractions reduced im-
mobility time in the forced swimming test, indicating an antidepressant
eﬀect.
The forced swim test is an animal model used to reproduce relevant
aspects of human depression in rodent species. In this test, animals
showing extended immobility correspond to a pathological state of
depressed subjects, which can be exploited by preclinical depression
research and can be used as a model for testing antidepressant drugs
(El-Batsh, 2015). Drugs with antidepressant action are usually able to
prolong the time during which the animal exhibits fugitive behavior,
which is inversely proportional to the time of immobility (Buccafusco,
2009).
3.3.4. Evaluation of sedative / hypnotic activity
Sleep induction with ethyl ether showed that both the 400 mg kg−1
(53.00 ± 7.83 s) and 200 mg kg−1 (41.00 ± 2.58 s) doses of garlic
passion fruit increased sleep latency (see Fig. 4). These results indicate
that the animals treated with garlic passion fruit at these doses took
longer to lose postural reﬂex compared to those treated with the vehicle
(25.67 ± 2.35 s) or diazepam (30.83 ± 4.32 s). The groups treated
with garlic passion fruit (200 and 400 mg kg−1) and diazepam had a
signiﬁcantly longer sleep time (153.80 ± 19.19 s, 134.7 ± 10.75 s,
and 153.50 ± 13, 19 s, respectively), than the group treated with the
vehicle treatment (70.33 ± 10.63 s).
Sleep test induced by sodium pentobarbital (a barbiturate) is the
most commonly used test for evaluating sedative activity. However, in
this study, the use of ethyl ether as a sleep-inducing agent was chosen
because, according to Vieira and Genovesi (2011), barbiturates usually
induce hepatic cytochrome P450 and conjugation enzymes and any
other substances metabolized by the cytochrome P450 system may in-
teract with their pharmacokinetics, altering the test results. Therefore,
the use of a sleep-inducing agent that is not metabolized by the liver, for
example, ethyl ether, is preferred in an evaluation of a complex mixture
such as vegetables (Gazola, 2014). According to the same author, de-
pressants of the Central Nervous System generally increase the duration
of sleep time due to other depressants such as pentobarbital and ether.
Based on these results, garlic passion fruit increased the sleep time
induced by ethyl ether, indicating a depressant eﬀect on the central
nervous system. These results were similar to those reported by Gazola
(2014), who studied dried leaves and freeze-dried fruit from diﬀerent
passion fruit species, observed that Passiﬂora alata pericarp
Fig. 2. Number of entries and time spent in the arms of an elevated pluz maze test. Test was performed 60 min after ingestion by gavage; Results are mean ± SEM;
n = 6 mice per group. Diﬀerent letters indicate signiﬁcant diﬀerence (p < 0.05) between treatments, by Anova and Tukeýs test. Diazepam (2 mg kg−1) was used as
a positive control for anxiolytic activity.
Fig. 3. Anxiolytic activity evaluation by Swiss mice behavior in a hole board
test. Test was performed 60 min after ingestion by gavage; Results expressed in
means ± SEM; n = 6 mice per group. Diﬀerent letters indicate signiﬁcant
diﬀerence (p < 0.05) between treatments, by Anova and Tukeýs test.
Diazepam (2 mg kg−1) was used as a positive control for anxiolytic activity.
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(600 mg kg−1), Passiﬂora edulis leaves (600 mg kg−1), Passiﬂora ligu-
laris pulp (100 and 300 mg kg−1), Passiﬂora manicata leaves
(100 mg kg−1), the pericarp (100 and 300 mg kg−1) and the leaves
(60 mg kg−1) of Passiﬂora quadrangularis increased the duration of
sleep in the tested animals when compared to the control (water). Costa
(2009), when analyzing Passiﬂora edulis (pulp + lyophilized seed),
observed that treatment with 300 mg kg−1 increased sleep latency,
while treatments with 50, 100, and 300 mg kg−1 of P. edulis did not
show a signiﬁcant diﬀerence in sleep time compared to the control
(water).
3.3.5. Evaluation of anticonvulsant activity
Pentylenetetrazole (PTZ) is a GABAA antagonist receptor, capable of
causing both tonic-clonic and myoclonic seizures and is therefore used
as a central nervous system convulsant. The induction of seizures by
PTZ tends to potentiate the oxidative stress (Branco et al., 2013; Kumar,
Lalitha, & Mishra, 2013; Rodrigues et al., 2012), and is one of the main
convulsants used in the preclinical screening of substances with antic-
onvulsive properties (Quintans-Júnior and Mello, 2006; Smith, Wilcox,
and White, 2007). According to Praveen, Naga, Murali, and
Swarnalatha (2013), diazepam acts as an anticonvulsant agent, which
has the capacity to facilitate the opening of the channels to GABAA
chloride, inhibiting the seizures induced by pentylenetetrazole, and
thus, can be used as a positive control.
The anticonvulsant activity results, as shown in Fig. 5, show that
there was no signiﬁcant diﬀerence in time of the ﬁrst clonic or tonic-
clonic type convulsion (seizure latency) between the groups. The
average time to ﬁrst convulsion (seizure latency) after PTZ in-
traperitoneal injection was 70.00 ± 3.38 s (vehicle), 99.00 ± 23.62 s
(diazepam 2 mg kg−1), 134.00 ± 34.33 s (garlic passion fruit
200 mg kg−1) and 75.00 ± 16.59 s (garlic passion fruit 400 mg kg−1).
Regarding the death latency, the treatment with 400 mg kg−1 of garlic
passion fruit and the positive control, diazepam had a similar eﬀect in
increasing the death latency, with signiﬁcant diﬀerences (p < 0.05)
compared to the treatments vehicle and lower doses of garlic passion
fruit. All of the animals treated with 400 mg kg−1 of garlic passion fruit
garlic and diazepam survived to PTZ induced convulsions. Based on the
lack of signiﬁcant diﬀerence with the positive control, 400 mg kg−1
garlic passion fruit can be considered to have an anticonvulsant eﬀect.
Elsas et al. (2010), studying the anticonvulsant eﬀect of lyophilized
extracts of P. incarnata at 1000 mg kg−1 doses for a 7-days treatment,
found that for two of ﬁve extracts reduced the frequency and severity of
PTZ-induced convulsions. Pavan et al. (2009) evaluated the activity of
P. foetida leaf extracts at doses of 30, 100, and 300 mg kg−1, and found
that the 300 mg kg−1 dose exerted a protective eﬀect on PTZ-induced
convulsions, preventing the death of the animals.
Fig. 4. Evaluation of sedative and hypnotic eﬀects by ethyl ether induced sleep time. Test was performed 60 min after ingestion by gavage; Results expressed in
means ± SEM; n = 6 mice per group. Diﬀerent letters indicate signiﬁcant diﬀerence (p < 0.05) between treatments, by Anova and Tukeýs test.
Fig. 5. P. tenuiﬁla anticonvulsant activity against PTZ (pentylenetetrazole) induced convulsions. Test was performed 60 min after ingestion by gavage; Results
expressed in means ± SEM; n = 6 mice per group. Diﬀerent letters indicate signiﬁcant diﬀerence (p < 0.05) between treatments, being used the Kruskal-Wallis,
followed by Dunn’s test (seizure latency) and ANOVA followed by Tukeýs test (death latency). Diazepam (2 mg kg−1) was used as a positive control for antic-
onvulsant activity.
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4. Conclusions
Passiﬂora tenuiﬁla did not have acute toxicity and, considering that
it is a wild species, the results allow us to infer the safety of its con-
sumption. In addition, its functional eﬀects were evaluated, and the
behavioral tests indicated that the garlic passion fruit has anxiolytic,
hypnotic-sedative, and anticonvulsive eﬀects. Passiﬂora tenuﬁla Killip
can be considered a promising source of functional compounds with
eﬀects on the central nervous system, and additional studies on extracts
and speciﬁc fractions that amplify these eﬀects are recommended.
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